We pursued the identification of interstitial cells corresponding to the description for TCs within the MuSC niche: presence of two to five cell body prolongations that are very thin, extremely long, with a moniliform aspect \[[@b1], [@b2]\].

We obtained normal, human skeletal muscle biopsies from patients that were undergoing surgery. All protocols were performed in accordance with international ethical guidelines. Muscle samples were cut into small 5 mm^3^ pieces and placed in gelatin coated culture flasks to isolate heterogeneous MuSCs. After approximately 10 days, cells reached 70--80% confluence and the tissue was removed. The cells were washed and used for further experiments. The results represent the averages of five separate experiments. The cell population obtained by this cells culture technique was very heterogeneous and we were able to identify typical TCs, apart from fibroblast-like cells and MuSCs. Morphological features of TCs were identified by phase contrast microscopy: oval shape body and long, moniliform prolongations (telopodes), congruent with previous description of TCs (Fig. [1](#fig01){ref-type="fig"}) \[[@b3]--[@b5]\].

![Morphological aspect of skeletal muscle-derived primary cell culture obtained using explant method. TCs are identified based on their characteristics (arrows) within the heterogeneous cell population. Contrast-phase microscopy; magnification 200×.](jcmm0015-2269-f1){#fig01}

A number of previous investigators showed that TCs could be identified, apart from their morphological appearance, by staining with antibodies against c-kit/CD117, vimentin, VEGF and CD34 \[[@b6], [@b7]\]. Most interstitial \[[@b8]--[@b10]\] and tissue stem cells lack expression of c-kit/CD117 \[[@b11]\]; thus, we consider this to be an appropriate marker for TCs identification.

We used an anti-c-kit microbeads kit (MACS; Miltenyi Biotec, CA, USA) and the magnetic isolation technique to isolate c-kit positive cells. These cells were expanded in plastic flasks in α-minimum essential medium (αMEM; Gibco BRL, Invitrogen, Carlsbad, CA, USA), supplemented with 10% foetal calf serum (FCS; PromoCell, Heidelberg, Germany) and 2% penicillin/streptomycin mixture (Pen/Strep, 10,000 IU/ml; PromoCell). Immunocytochemistry was performed with the labelled streptavidin-biotin 2-horseradish peroxidase (LSAB2-HRP) visualization system (Dako, Glostrup, Denmark) for identification of vimentin and c-kit positive cells.

Immunofluorescence was performed only on c-kit positive cells. Cells were probed for proliferation/pluripotency markers with primary antibodies to endoglin/CD105, Ki67, Oct4 and VEGF (DakoCytomation; Dako); for immunofluorescence we used AlexaFluor488 and AlexaFluor546 conjugated secondary antibodies (Molecular Probes, Invitrogen) and nuclear counterstaining with DAPI (Sigma-Aldrich, St. Louis, MO, USA).

Differentiation capacity towards the mesodermal lineages (adipogenic, chondrogenic and osteogenic) was assessed for the entire cell population and also separately for MuSC by employing the appropriate cell culture media. Non-haematopoietic stem cell medium was used for generating osteoblasts/ chondrocytes/adipocytes (Miltenyi Biotec, Bergisch Gladbach, Germany).

Vimentin expression was detected in the cytoplasm of both MuSCs and TCs (Fig. [2](#fig02){ref-type="fig"}). From the entire initial cell population, only 10% were c-kit positive. We present here the morphological appearance of the c-kit positive TCs after separation and following several passages, showing that almost 100% of the cells express c-kit localized at membrane level. On account of the isolated cells characteristic morphology, they will be further referred to as TCs (Fig. [3](#fig03){ref-type="fig"}).

![The cytoskeleton protein, vimentin, was ubicuitary expressed in stromal cells. Telocytes were recognized by their distinct morphology of an oval body shape with telopodes. Arrows point to MuSC and telocytes, which confirm the heterogeneity of primary cell cultures obtained from skeletal muscle tissue; magnification 200×.](jcmm0015-2269-f2){#fig02}

![Immunohistochemical analysis of CD117 (c-kit) expressing TCs. Telocytes were isolated by magnetic separation with CD117-specific beads. (A) Single cells show long moniliform prolongations (telopodes); magnification 600×. (B) Overview of *in vitro* expanded CD117+ population of TCs; magnification 100×.](jcmm0015-2269-f3){#fig03}

Cytochemical analysis documented the presence of nuclear Ki67 (proliferation marker) and endoglin/CD105 (vascular proliferation marker; Fig. [4A](#fig04){ref-type="fig"} and [B](#fig04){ref-type="fig"}), Oct4 (pluripotency marker; Fig. [4C](#fig04){ref-type="fig"}) and VEGF (vascular proliferation marker; Fig. [4D](#fig04){ref-type="fig"}). Endoglin/ CD105 was previously shown to characterize proliferating endothelial cells \[[@b12]\], while its association with VEGF (vascular endothelial growth factor) presence could be an indicator of TCs abilities to support the well-developed vascular structure required by skeletal muscle tissue. However, the nuclear presence of the Oct4 transcription factor in the absence of Sox2 and Nanog co-regulators in the isolated TCs does not confer stem cells status to the TCs, while it might contribute to their susceptibility to signals from the muscle microenvironment. Further differentiation studies should be conducted before Oct4 expression can be correlated to TCs *in vitro* behaviour.

![Immunofluorescence of CD117+ TCs, expanded during *in vitro* culture. A large fraction of cells (60%) showed proliferation. Proliferation was indicated by (A) the presence of Ki67 in the cell nucleus; and (B) endoglin/CD105 expression, at various intensities. (C) Pluripotency-associated transcription factor Oct4 stained positive in the considered cell population. (D) c-kit expression in TCs associated with an intermediate level of VEGF presence in the cytoplasm; magnification 400×.](jcmm0015-2269-f4){#fig04}

Several *in vitro* MuSCs differentiation assays were carried in the presence and in the absence of TCs, and demonstrated an enhanced capacity of MuSCs for trilineage differentiation (adipocytes, osteoblasts and chondrocytes) when co-cultured with TCs (in the appropriate differentiation media), compared to that observed with MuSCs alone (Fig. [5](#fig05){ref-type="fig"}). Whether this process can be accounted by direct cell-to-cell contact or mediated by signalling molecules released by TCs is still to be determined.

![Eighty percent of primary cell cultures readily differentiated into adipocytes (FABP4 positive staining), when they maintained contact with supporting interstitial TCs; magnification 600×.](jcmm0015-2269-f5){#fig05}

This paper demonstrated that human skeletal muscle harbours cells with phenotypic characteristics of TCs. This confirmed our hypothesis that human MuSC niche would contain a unique subpopulation of interstitial cells (TCs) that were endowed with proliferative and supportive capabilities.
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